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The elec tron-doped mag netic nanoparticles of Ca1–xYxMnO3 (x = 0, 0.05, 0.10, 0.15, 0.20,
and 0.30) manganite with an av er age par ti cle size of 50 nm are an a lyzed and dis cussed in re la -
tion to their bulk coun ter parts. Nanoparticle sam ples show dom i nant anti-fer ro mag netic or -
der ing  with a sig nif i cant in crease of coercivity, with the max i mum value of 0.9 T for x = 0.
Par ti cle size re duc tion in Ca1–xYxMnO3 re tains the bulk-like mag netic be hav ior of sam ples
hav ing up to 15% of Y3+, with the small fer ro mag netic con tri bu tion from dis or dered sur face
spins. Sup pres sion of charge or der ing state and en hance ment of sat u ra tion mag ne ti za tion
were found in sam ples with higher Y3+ con cen tra tion (x = 0.2, 0.3), in di cat ing high fer ro -
mag netic con tri bu tion in these sam ples.
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IN TRO DUC TION
The ap pli ca tion po ten tials of ma te ri als known as
rare earth (RE) man ga nites are mul ti ple, rang ing from
mag netic data stor age tech nol ogy to cath ode ma te ri als in
high tem per a ture solid ox ide fuel cells [1, 2]. Less known 
is that man ga nites have re cently came un der con sid er -
ations as bolometric ra di a tion de tec tors, where they can
be used as sen sors for var i ous forms of ra di a tion from in -
fra red to high en ergy syn chro tron ra di a tion [3, 4], and as
a shield ing blocks from low fre quency elec tro mag netic
in ter fer ence in sen si tive mea sur ing de vices [5].
Bolometric ap pli ca tion of man ga nites is based on a
strong cou pling be tween mag netic or der ing and con duc -
tance that be comes steeply sen si tive to tem per a ture
change near the phase tran si tion point. Their main ad -
van tage over stan dard bolometric sen sors is in the pos si -
bil ity to tai lor mag neto re sis tive prop er ties by ma nip u lat -
ing their chem i cal com po si tion, thus en abling their use in 
a wide tem per a ture range, from above room tem per a ture
down to 70 K and lower.
Among RExCa1-xMnO3 RE man ga nites, most of
sci en tific at ten tion has been ded i cated to hole-doped
or half-doped ma te ri als (x ≥ 0.5). Nev er the less, in ter -
est in elec tron-doped sys tems is also sig nif i cantly en -
hanced dur ing the last de cade, due to the com plex role
that doped elec trons ap pear to have in mag netic and
trans port prop er ties, par tic u larly within the 0 ≤ x ≤ 0.3
con cen tra tion range. Re cent com par a tive re search on
trans port and mag netic prop er ties of CaMnO3 doped
with non-mag netic RE ions (La, Y, Ce) re vealed that,
un like con duc tiv ity, mag netic be hav ior is not en tirely
dom i nated by car rier con cen tra tion, but the struc ture
fac tor also plays an im por tant role [6]. It is, there fore,
of spe cific in ter est to in ves ti gate the in flu ence of par ti -
cle size re duc tion on mag netic prop er ties of these ma -
te ri als. Yet, in con trast to bulk ma te rial, sys tem atic
stud ies on mag netic prop er ties of nanoparticle elec -
tron-doped man ga nites in a wider dop ing range are ex -
cep tion ally scarce. Only re cently, Wang and Fan [7]
have re ported such study on lan tha num-doped nano-
par ti cle Ca1–xLaxMnO3 (0 ≤ x ≤ 0.25).
This work rep re sents the con tin u a tion of re search
on nanoparticle Ca1–xYxMnO3 (av er age par ti cle  size  of
50 nm, 0 ≤ x ≤ 0.30), for which the de tailed struc ture,
microstructure and mor phol ogy study is re ported in [1]. In
con trast to nanoparticle Ca1–xLaxMnO3, yt trium-doped
com pounds Ca1–xYxMnO3 are so far stud ied ex clu sively
in their bulk form [8-11] and, to the best of our knowl edge
this is the first such study re gard ing mag netic prop er ties of
their nanoparticle coun ter parts.
METH ODS AND PRO CE DURES
The prep a ra tion of Ca1–xYxMnO3 sam ples with
nom i nal yt trium con cen tra tion x = 0, 0.05, 0.10, 0.15,
0.20, and 0.30 was done by mod i fied glycine-ni trate
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method (MGNP). The de tailed syn the sis pro ce dure for
these sam ples, their mor phol ogy and struc tural char ac -
ter iza tion has been pre vi ously de scribed else where [1].
The sam ples were found to be sin gle phase solid so lu -
tions with the av er age crys tal lite size of 50 nm and large
ef fec tive sur face [1].
The char ac ter iza tion of mag netic prop er ties in
this work was done by Quan tum De sign XL-5
SQUID-based mag ne tom e ter. The mag ne ti za tion was
mea sured in con stant (DC) mag netic field and in al ter -
nat ing (AC) mag netic field, in the tem per a ture range
be tween 5 K and 300 K. DC mag ne ti za tion mea sure -
ments   were   done   in   mag netic   fields  20-1000  Oe
(1 Oe = 10–4 T), while AC mea sure ments were per -
formed in al ter nat ing field of 2 Oe am pli tude (in the
zero DC field) and at fre quen cies of n = 0.1 Hz, 1 Hz,
and 1000 Hz. The mag netic hys ter esis mea sure ments
were car ried out in the –5 T < H < 5 T field range, at 10
K.
RE SULTS AND DIS CUS SION
Mag ne ti za tion vs. field mea sure ments M(H) of
nanoparticle sam ples re corded at 10 K (fig. 1) re veal
strong de pend ence of coercivity, sat u ra tion and rem -
nant mag ne ti za tion on Y3+ con cen tra tion. The ba sic
char ac ter is tic of re corded hys ter esis loops is the ab -
sence of mag netic sat u ra tion up to 5 T and al most lin -
ear M(H) de pend ence above 3 T, which point to the
dom i nant anti-fer ro mag netic (AFM) in ter ac tion in all
sam ples.
The coercivity HC of nanoparticle sam ples (fig.
1, up per in set) shows large val ues com pared to the
bulk coun ter part, and also re veals the sharp de pend -
ence on elec tron con cen tra tion. Though the en hance -
ment of mag netic ani so tropy is fre quently found in
nanoparticle ma te ri als, in the case of nanoparticle
Ca1–xYxMnO3 this in cre ment is ex cep tion ally large,
con trary to what was ob served in nanoparticle
Ca1–xLaxMnO3 [7]. The larg est coercivity found in 
this study was for sam ple with x = 0 and its value is
9000 Oe, and the small est value of 2500 Oe was mea -
sured for x = 0.3.
The con cen tra tion de pend ence of sat u ra tion mag -
ne ti za tion MS(x) (fig. 1, lower in set) dis plays the slope
that ap prox i mately re sem bles the one found in bulk
Ca1–xYxMnO3 or in bulk Ca1–xLaxMnO3 com pounds
[8-13]. When com pared to bulk, a mild en hance ment of
MS was no ticed for lower con cen tra tions (x = 0.15).
This is sim i lar to ob ser va tions made for nanoparticle
Ca1–xLaxMnO3 [7], and sug gests that in trin sic mag netic
be hav ior in this con cen tra tion range is sim i lar to that of
the bulks, but with the ad di tion of small fer ro mag netic
(FM) con tri bu tion orig i nat ing from par tially dis or dered 
sur face spins, which are be lieved to form FM clus ters
[7, 12, 13]. In the bulk ma te rial FM clus ters dis ap pear at
higher dop ing con cen tra tion and are sup pressed by
charge or der ing (CO) state, ob serv able as char ac ter is tic
peak in field cooled (FC) mea sure ments of M (T) de -
pend ence [9]. Our M (T) mea sure ments in FC re gime
dem on strate the ab sence of CO state in sam ples with x
> 0.15 (fig. 2), these sam ples also show no ta ble (3-4
times) larger MS val ues in re spect to their bulk coun ter -
parts. An a log sup pres sion of CO state in nanoparticle
Ca1–xLaxMnO3 was also ob served [7]. How ever, un like
the Ca1–xLaxMnO3 case, our ob ser va tions show that,
while still be ing sig nif i cantly larger than in bulks, MS
value of nanoparticle Ca1–xYxMnO3 de crease for x >
0.15. Since no CO is ob served, re duc tion of FM con tri -
bu tion should be caused by fac tors other than CO and
needs fur ther in ves ti ga tion.
M (T) de pend ence rep re sents an other in ter est ing 
fea ture in the low tem per a ture re gion of zero-field
A. Alqat, et al.: In flu ence of the Par ti cle Size Re duc tion on Mag netic Prop er ties ...
352 Nu clear Tech nol ogy & Ra di a tion Pro tec tion: Year 2012, Vol. 27, No. 4, pp. 351-354
Fig ure 1. Mag ne ti za tion vs. mag netic field at T = 10 K,
with the con cen tra tion de pend ence of coercivity (up per
in set) and sat u ra tion mag ne ti za tion Ms (lower in set)*
Fig ure 2. FC mag ne ti za tion mea sure ments vs.
tem per a ture. For better vis i bil ity, data for x = 0.1 and
 x = 0.15 are di vided by 6 and 9, re spec tively
* Mag ne ti za tion is ex pressed in emu (elec tro mag netic unit)
..per ,gram, 1 emu = 10–3 Am2 
cooled (ZFC) mag ne ti za tion mea sure ments. In stead of 
ex pected block ing, freez ing or spin-glass like
nanoparticle be hav ior be low AFM tran si tion tem per a -
ture, we have ob served the ap pear ance of a broad,
field-de pend ent max i mum around 30 K that is pres ent
in M (T) of all sam ples, whereas no change in FC
curves was de tected in that tem per a ture range.
As an il lus tra tion, fig. 3(a) rep re sents the tem -
per a ture de pend ence of ZFC mag ne ti za tion in dif fer -
ent mag netic fields for x = 0.15 sam ple. While ZFC
curves re corded at 20 Oe show only monotonic in -
crease up to the Néel tem per a ture TN, ad di tional mag -
ne ti za tion max ima be low 35 K ap pear in stron ger
fields. AC mag ne ti za tion mea sure ments were per -
formed to check the na ture of this low-tem per a ture
max i mum, but no fre quency de pend ence of the max i -
mum po si tion was ob served up to 1000 Hz, fig. 3(b).
Thus, the na ture of the field-de pend ent max ima in
mag ne ti za tion be low 35 K de serves fur ther in ves ti ga -
tion, but we can spec u late that it re sem bles the char ac -
ter is tics of a canted-AF (weak-FM) rather than FM be -
hav ior, and its breadth as well as its in de pend ence on
elec tron con cen tra tion points to the in flu ence of a par -
ti cles’ shell re gion.
CON CLU SIONS
The pre sented re sults sup port the stand point that
in ad di tion to elec tron con cen tra tion, other fac tors like
struc ture, microstructure and sam ple mor phol ogy can
play a de ci sive role in mag netic be hav ior of elec -
tron-doped nanoparticle man ga nites. Par ti cle size re -
duc tion down to 50 nm in Ca1–xYxMnO3 re tains the
bulk-like mag netic be hav ior of sam ples hav ing up to
15% of Y3+, with the ex cep tion of small FM con tri bu -
tion from dis or dered sur face spins. The sur face ef fects
are also re spon si ble for ex cep tion ally en larged
coercivity, which is about 4 times larger than in cor re -
spond ing sam ples of bulk ma te rial. The ef fects of size
re duc tion in sam ples con tain ing 20% and 30% of Y3+
are con sid er ably more pro nounced. Strong FM con tri -
bu tion in this sam ples was found through both sup -
pres sion of CO state and en hance ment of sat u ra tion
mag ne ti za tion.
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UTICAJ  SMAWEWA  VELI^INE  ^ESTICA  NA  MAGNETNE
OSOBINE  ELEKTRONSKI  DOPIRANOG  Ca1-xYxMnO3
Elektronski dopirani nano~esti~ni manganiti Ca1-xYxMnO3 (x = 0, 0.05, 0.10, 0.15, 0.20,
0.30)  sa sredwom veli~inom ~estica od 50 nm, ispitivani su sa stanovi{ta magnetnih osobina, u
odnosu na osobine voluminoznih materijala istog sastava. Pokazano je da u nano~esti~nim
uzorcima dominira antiferomagnetna interakcija, uz izuzetno pove}anu koercitivnost koja
dosti`e maksimalnu vrednost od 9000 Oe (0.9 T) za nedopirani uzorak (x = 0). Pri mawim
koncentracijama Y3+, smawewe dimenzije ~estica Ca1-xYxMnO3 ne dovodi do zna~ajnije promene
magnetizacije u odnosu na voluminozni materijal, ali je prime}en wen blagi porast usled
feromagnetnog doprinosa razure|enih spinskih momenata na povr{ini ~estice. Zna~ajno
pove}awe magnetizacije uz istovremeno uru{avawe stawa ure|enog naelektrisawa prime}eno je
kod uzoraka sa ve}om koncentracijom elektrona (x = 0.2, 0.3), {to ukazuje na jak uticaj
feromagnetnih interakcija u ovim uzorcima.
Kqu~ne re~i: elektronski dopirani magnetit, nanostruktura, magnetna osobina
